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The Tacaribe serocomplex (family Arenaviridae) comprises three phylogenetic lineages, designated A, B, and C. The
sequence of a 3278-nt fragment of the small genomic segment of the Whitewater Arroyo (WWA) virus was determined to
extend our knowledge on the phylogenetic relationship of this newly discovered North American Tacaribe complex virus to
other arenaviruses. Independent analyses of full-length nucleoprotein (N) and glycoprotein precursor (GPC) amino acid
sequences indicated that the WWA virus N and GPC genes are descended from a lineage A virus and lineage B virus,
respectively. The different phylogenetic histories of the N and GPC genes indicate that the WWA virus genome is a product
of recombination between two Tacaribe complex viruses. © 2001 Academic Press
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The virus family Arenaviridae comprises two serocom-
plexes. The lymphocytic choriomeningitis–Lassa com-
plex viruses (Old World arenaviruses) are Ippy, Lassa
(LAS), lymphocytic choriomeningitis (LCM), Mopeia, and
Mobala. The Tacaribe complex viruses (New World
arenaviruses) are Amapari (AMA), Flexal (FLE),
Guanarito (GTO), Junin (JUN), Latino (LAT), Machupo
(MAC), Oliveros (OLV), Parana (PAR), Pichinde´ (PIC), Piri-
tal (PIR), Sabia´ (SAB), Tacaribe (TCR), Tamiami (TAM),
and Whitewater Arroyo (WWA). The TAM and WWA vi-
ruses are the only members of the Tacaribe complex
known to occur in North America.
The arenaviruses possess genomes that consist of
two single-stranded RNA segments, designated large (L)
and small (S) (Southern, 1996). The S genomic segment
(;3.5 kb) encodes the nucleoprotein (N) and glycopro-
tein precursor (GPC) in nonoverlapping open reading
frames (ORF) of opposite polarities.
The most comprehensive study to date on the phylog-
eny of the family Arenaviridae (Bowen et al., 1997) was
based on nucleotide sequences of a fragment (613–649
nt, depending on the virus) of the N gene. The results of
that study indicated that the 19 arenaviruses represent
1 To whom correspondence and reprint requests should be ad-
ressed at Department of Pathology, Route 0609, University of Texas
edical Branch, Galveston, TX 77555-0609. Fax: 409-747-2415. E-mail:
fulhors@utmb.edu.161four phylogenetic lineages. The Old World lineage is
deeply rooted to the three New World lineages, desig-
nated A, B, and C. Lineage A is represented by the FLE,
PAR, PIC, PIR, WWA, and TAM viruses; lineage B includes
the AMA, GTO, JUN, MAC, SAB, and TCR viruses; and
lineage C comprises the LAT and OLV viruses.
The WWA virus is the most recently discovered arena-
virus. In the present study, the nucleotide sequence of a
3278-nt fragment of the WWA virus S genomic segment
was determined to extend our knowledge on the phylo-
genetic relationship of the WWA virus to other Tacaribe
complex viruses. At the outset, the sequence of the
complete N gene was known for only seven Tacaribe
complex viruses (PIC, PIR, JUN, MAC, SAB, TCR, and
OLV) and the sequence of the entire GPC gene was
known for only six Tacaribe complex viruses (PIC, PIR,
JUN, SAB, TCR, and OLV).
RESULTS
The nucleotide sequence of the 3278-nt fragment of
the S genomic segment of the WWA virus prototype
strain AV 9310135 was deposited with the GenBank nu-
cleotide sequence database under Accession No.
AF228063. The sequence represented the complete GPC
gene, intergenic region, N gene, and a fragment of the
noncoding regions at the 59 and 39 ends of the GPC and
N genes, respectively. Nucleotide positions were num-
bered from the 59 end of the sequence, starting at 20 (see
Materials and Methods).
The WWA virus N is encoded in an ORF that is 1689 nt0042-6822/01 $35.00
Copyright © 2001 by Academic Press
All rights of reproduction in any form reserved.
W
W
162 MINIREVIEWin length, with the initiation codon at nucleotides 3265–
3263 and an in-frame UGA translation termination signal
at nucleotides 1585–1583. The length of the N of the
WWA virus is similar to that of the seven other Tacaribe
complex viruses included in the analysis (Table 1). Ex-
amination of the multiple N amino acid sequence align-
ment revealed 22 domains (identical sequences of four
or more amino acid residues) unique to the three lineage
A viruses (WWA, PIC, and PIR) and seven domains
unique to the WWA virus and four lineage B viruses (JUN,
MAC, SAB, and TCR). In pairwise comparisons of the N
amino acid sequences, the WWA virus was 63.3–65.1%
identical to the PIC and PIR viruses and less than 56.0%
identical to the four lineage B viruses, OLV virus, and
LCM and LAS viruses.
The WWA virus intergenic region (i.e., the noncoding
region that separates the stop codons of the N and GPC
genes) spans nucleotides 1503–1579. The length of the
intergenic region of the WWA virus is more similar to that
of the PIC and PIR viruses than to that of the three
lineage B viruses included in the analysis (Table 1). The
predicted secondary structure of the WWA virus inter-
genic region includes a large hairpin–loop structure that
is similar to that predicted for the PIR virus (R. Charrel,
unpublished results) and PIC virus (Auperin et al., 1984).
In contrast, the predicted secondary structure of the
intergenic region of the three lineage B viruses (JUN,
SAB, and TCR) and OLV virus includes multiple (two or
three) hairpin structures (Ghiringelli et al., 1991; Gonzalez
et al., 1996; Franze-Fernandez et al., 1987; Bowen et al.,
TABLE 1
Structural Characteristics of the Eight Tacaribe Complex (New
orld) and Two Lymphocytic Choriomeningitis–Lassa Complex (Old
orld) Viruses Included in the Analyses
Virus Lineageb
Length of gene product
or genomic regiona
Glycoprotein
precursor
(aa)
Intergenic
region
(nt)
Nucleoprotein
(aa)
Whitewater Arroyo A 480 77 562
Pirital A 508 80 561
Pichinde´ A 503 87 561
Sabia´ B 488 98 562
Tacaribe B 495 104 570
Machupo B nd nd 564
Junin B 481 91 564
Oliveros C 518 103 558
Lymphocytic
choriomeningitis OW 498 70 558
Lassa OW 491 61 569
a nd, no data.
b Lineages A, B, and C, New World or Tacaribe complex viruses; OW,
Old World or lymphocytic choriomeningitis–Lassa complex viruses.1996). Examination of the intergenic region nucleotidesequence data did not reveal any substantive homology
among the Tacaribe complex viruses.
The WWA virus GPC is encoded in an ORF that is 1443
nt in length, with the initiation (AUG) codon at nucleo-
tides 63–65 and an in-frame UAG translation termination
signal at nucleotides 1503–1505. Examination of the GPC
amino acid sequence alignment revealed 4 domains
(identical sequences of 4 or more amino acid residues)
unique to the WWA, PIC, and PIR viruses and 11 domains
and a 17-aa gap unique to the WWA virus and three
lineage B viruses (JUN, SAB, and TCR). In pairwise com-
parisons of the GPC amino acid sequences, the WWA
virus was 47.3–51.8% identical to the three lineage B
viruses, 46.2% identical to the OLV virus, and less than
42.0% identical to the PIC, PIR, LCM, and LAS viruses.
Maximum parsimony (MP) analysis of the N gene
nucleotide sequence alignment (first and second posi-
tion bases) generated a single most parsimonious tree
(Fig. 1) that grouped the WWA virus with the two other
lineage A viruses and separated these three viruses from
the four lineage B viruses. The results of the neighbor-
joining analysis (NJ) of the N amino acid sequence align-
ment (Fig. 2) with regard to the placement of the WWA
virus were identical to those of the MP tree in the present
study and the results of phylogenetic analyses of N gene
sequence data in previous studies (Bowen et al., 1997;
Fulhorst et al., 1996; Weaver et al., 2000).
The MP analysis of the GPC gene nucleotide se-
quence alignment (first and second position bases) gen-
erated a single most parsimonious tree (Fig. 1) that
grouped the WWA virus with the three lineage B viruses
and separated the WWA virus and three lineage B vi-
ruses from the PIC, PIR, and OLV viruses. The topology of
the NJ tree (Fig. 2) with regard to the placement of the
WWA virus was virtually identical to that of the MP tree;
bootstrap support for monophyly of the WWA virus and
three lineage B viruses (JUN, SAB, and TCR) in the NJ
analysis was 100%. The major difference between the NJ
and MP phylograms was the placement of the OLV virus.
However, bootstrap support for monophyly of the OLV,
JUN, TCR, SAB, and WWA viruses in the NJ phylogram
was 94% whereas bootstrap support for monophyly of
the OLV, PIC, and PIR viruses in the MP phylogram was
only 76%. The higher bootstrap support for the results of
the NJ analysis suggests that the NJ phylogram more
accurately represents the phylogenetic history of the
OLV virus GPC gene.
The results of the phylogenetic analyses of nucleotide
and amino acid sequence data indicate that the evolu-
tionary history of the WWA virus N gene is different from
that of the WWA virus GPC gene. An explanation for the
“mixed” heritage of the WWA virus S segment is that it is
a product of recombination between two arenaviruses,
one each from lineage A and lineage B. The 22 amino
acid domains unique to the WWA, PIC, and PIR viruses
support the concept that the WWA virus N gene is de-
163MINIREVIEWscended from a lineage A virus. Similarly, the 11 amino
acid domains unique to the WWA, JUN, SAB, and TCR
viruses indicate that the WWA virus GPC gene is de-
scended from a lineage B virus. The high level of boot-
strap support for the results of the NJ analyses of the N
and GPC sequence data (i.e., placement of the WWA
virus with the lineage A and lineage B viruses, respec-
tively) suggests that the crossover (recombination) event
occurred in the 59 end of the N gene, intergenic region,
FIG. 1. Phylogenetic relationships among arenaviruses based on m
codon positions) of the (A) complete nucleoprotein (N) gene and (B) co
most parsimonious tree. The numbers adjacent to the nodes indicate b
Pichinde´; WWA, Whitewater Arroyo; PIR, Pirital; JUN, Junin; MAC, M
lymphocytic choriomeningitis.
FIG. 2. Phylogenetic relationships among arenaviruses based on n
nucleoprotein (N) protein and (B) complete glycoprotein precursor (GP
the length of each scale bar represents a sequence divergence of 0.10
analysis of 500 pseudoreplicate data sets. PIC, Pichinde´; PIR, Pirital; WW
OLV, Oliveros; LAS, Lassa; and LCM, lymphocytic choriomeningitis.or 39 end of the GPC gene. The length and predicted
secondary structure of the WWA virus intergenic region
suggest that this region of the WWA virus S segment is
descended from a lineage A virus and, therefore, that the
crossover event most likely occurred in the 39 end of the
GPC gene.
Bootscanning of the N and GPC amino acid sequence
alignments was done to pinpoint the site of the recom-
bination (crossover) event. Analyses of the GPC amino
parsimony analyses of the nucleotide sequences (first and second
glycoprotein precursor (GPC) gene. Each analysis generated a single
p support based on an analysis of 500 pseudoreplicate data sets. PIC,
; TCR, Tacaribe; SAB, Sabia´; OLV, Oliveros; LAS, Lassa; and LCM,
r-joining analyses of the amino acid sequences of the (A) complete
product. Horizontal branch lengths are proportional to the scale bar;
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164 MINIREVIEWacid sequence alignment, starting at the N-terminal res-
idue and extending through residue 456, consistently
provided a high level of bootstrap support for placement
of the WWA virus with the three lineage B viruses (JUN,
GTO, and SAB) (Fig. 3). In contrast, bootscanning of the
GPC alignment from residue 456 through residue 480
(the C-terminal residue) and bootscanning of the entire N
sequence alignment provided a high level of bootstrap
support for placement of the WWA virus with the PIC and
PIR viruses. Collectively, these results suggest that the
crossover occurred in the 39 end of the GPC gene.
Analysis of the GPC and N nucleotide sequence align-
ments, using the recombination detection program (Mar-
tin and Rybicki, 2000), indicated that the crossover event
occurred in the 39 end of the GPC gene downstream of
nucleotide 1350 ( p , 0.00001).
DISCUSSION
In the past two decades it has become increasingly
pparent that RNA viruses have the capacity to ex-
hange genetic material with one another by recombi-
ation. The animal RNA viruses for which intrasegmental
enetic recombination has been documented in nature
nd/or the laboratory include members of the Bunyaviri-
ae, Coronaviridae, Flaviviridae, Picornaviridae, Reoviri-
ae, Retroviridae, and Togaviridae families (reviewed in
orobey and Holmes, 1999). The present study provides
he first evidence for recombination between viruses in
FIG. 3. Results of the phylogenetic analyses of glycoprotein precurso
the bootscanning method. Neighbor-joining analyses were carried out
and GPC amino acid sequence alignment. Each sequence window was
acids; bootstrap support for the results of each analysis was based on
window. (A) Plot of bootstrap support values for inclusion of the WWA vi
Arroyo (WWA) virus small genomic segment; the intergenic region
recombination event occurred. (C) Plot of bootstrap support values for
Pintal).he family Arenaviridae.Coinfection of a host is requisite for the exchange of
enetic material between viruses in nature. Specific ro-
ents (usually one or two closely related species) are the
rincipal hosts of the arenaviruses for which natural host
elationships have been well characterized (Childs and
eters, 1993). Recent studies in central Venezuela (Ful-
orst et al., 1999; Weaver et al., 2000) have revealed that
single rodent species can be a natural host of multiple
ympatric arenaviruses. For example, Zyggodontomys
revicauda (cane mouse) is the principal host of the GTO
irus and a natural host of the PIR virus, and Sigmodon
lstoni (cotton rat) is the principal host of the PIR virus
nd a natural host of the GTO virus (Fulhorst et al., 1999).
The ability of sympatric arenaviruses to infect a single
rodent species suggests that individual rodents can be
concurrently infected with multiple arenaviruses.
The dominant feature of the arenaviruses is their abil-
ity to establish chronic infections in their respective prin-
cipal rodent hosts. The chronic carrier state in rodents,
which appears to be essential for long-term maintenance
of an arenavirus in nature, usually results from exposure
to infectious virus early in ontogeny, i.e., at or near birth.
A scenario that could result in coinfection of a rodent
with multiple arenaviruses entails chronic infection with
one virus as a consequence of congenital exposure (i.e.,
vertical virus transmission) and then superinfection as a
result of intimate contact (e.g., fighting) with a rodent
infected with a second virus.
) gene product and nucleoprotein (N) amino acid sequence data, using
cessive windows (subsets) of the N amino acid sequence alignment
ino acids in length and overlapped the preceding window by 50 amino
eudoreplicate data sets generated from the original 100-aa sequence
the lineage B viruses. (B) Schematic representation of the Whitewater
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165MINIREVIEWdae) appear to be the principal hosts of the WWA virus
(Fulhorst et al., 2001). The results of a previous study
(Bowen et al., 1997) suggested that the rodent host rela-
tionships of the arenaviruses are the result of a long-
term, shared evolutionary relationship between the virus
family Arenaviridae and the rodent family Muridae. The
lineage B viruses currently are known only from South
America (Bowen et al., 1997) and Neotoma species are
descended from rodents that invaded North America
from South America more than 11 million years ago
(Engel et al., 1998). Thus, the S genomic segment of the
WWA virus appears to be the result of a recombination
event that occurred in South America long ago.
The WWA virus prototype strain AV 9310135 was orig-
inally recovered from Neotoma albigula (white-throated
oodrat) captured in New Mexico (Fulhorst et al., 1996).
ubsequently, strains of the WWA virus were recovered
rom Neotoma cinerea (bushy-tailed woodrat) and N.
exicana (Mexican woodrat) captured in Utah and Neo-
oma micropus (southern plains woodrat) captured in
exas (Fulhorst et al., 2001). If the S genomic segment of
he WWA virus prototype strain is in fact the result of a
ixing of arenaviruses that occurred in South America,
hen the S genomic segments of the WWA virus strains
rom Utah and Texas probably are also descended from
he South American recombinant virus.
MATERIALS AND METHODS
All work with infectious materials was done in a bio-
afety level 3 (BSL-3) laboratory at the University of Texas
edical Branch, Galveston. Total RNA was prepared
rom monolayer cultures of Vero E6 cells infected with
he WWA virus prototype strain AV 9310135 (Fulhorst et
l., 1996). The passage history of the virus stock that was
sed to inoculate the cultured cells was Vero E6 1 4.
otal RNA was extracted from the infected cell monolay-
rs on day 12 postinoculation, using RNA NOW-TC (Bio-
entex, Inc., Seabrook, TX) according to the manufac-
urer’s instructions.
Reverse transcription of virus-specific RNA was car-
ied out as previously described (Charrel et al., 2001),
sing oligonucleotide ARE39-END (Gonzalez et al., 1995)
o prime synthesis of the first-strand cDNA. The ARE39-
ND oligonucleotide was designed to anneal to the 19-nt
ragment at the 39 end of the arenavirus S genomic
egment. Since the 19-nt fragment at the 59 end of the
renavirus S segment is complementary to the inverse of
he 19-nt fragment at the 39 end of the S segment (South-
rn, 1996), it was expected that ARE39-END would prime
ynthesis of first-strand cDNA from the 39 end of the
ntigenomic RNA (a replicative intermediate) as well as
he 39 end of the genomic RNA. DNA products were
enerated from two overlapping regions (P1 and P2) of
he first-strand cDNA, using a PCR assay. The P1 and P2
ragments were synthesized by using ARE39-END in con- 2unction with oligonucleotide 1870C (59-TAGTCATYAAG-
RNAARAAGAAGGG-39) and oligonucleotide NW1696R
Bowen et al., 1997), respectively. The PCR products of
he expected size were purified from agarose gel slices,
nd both strands of each PCR product were sequenced
irectly, using the ABI Prism Dye Terminator Cycle Se-
uencing Ready Reaction kit (Perkin–Elmer Corp., Foster
ity, CA) in conjunction with the primers used for PCR
mplification and oligonucleotides designed from se-
uence data generated in the present study. Collectively,
he P1 and P2 fragments (1755 and 1639 nt, respectively)
epresented a region of the WWA virus S segment that is
278 nt in length. Excluding the oligonucleotides that
ere used to prime amplification of the PCR products,
he P1 fragment overlapped the P2 fragment by a length
f only 25 nucleotides. The sequence of a third fragment
f the WWA virus S genomic segment subsequently was
etermined to provide an assurance that the P1 and P2
ragments were generated from the same template. The
hird fragment was 1212 nt in length, spanned the inter-
enic region of the S segment, and overlapped the 39
nd of the P1 fragment and 59 end of the P2 fragment by
engths of 629 and 661 nt, respectively. The sequence of
he third fragment was identical to that of the homolo-
ous region of the combined P1–P2 fragment, indicating
hat the P1 and P2 fragments were in fact generated from
he same template. By assuming that ARE39-END an-
ealed to the terminal 19 nucleotides at the 39 end of the
ntigenomic RNA template, the nucleotide positions
ere numbered from the 59 end of the combined P1–P2
ragment, starting at 20.
The WWA virus N and GPC gene sequences were
ompared to the homologous arenavirus sequences
vailable from the GenBank nucleotide sequence data-
ase: Accession Nos. K02734 (PIC virus, strain An 3739),
F081552 (PIC, Munchique), AF277659 (PIR, VAV-488),
10072 (JUN, XJ), U70802 and U70799 (JUN, MC2),
62616 (MAC, AA288-77), U41071 (SAB, SPH 114202),
20304 (TCR, TRVL 11573), U34248 (OLV, strain 3229),
20869 (LCM, Armstrong), and J04324 (LAS. Josiah). The
and GPC amino acid sequences were aligned inde-
endently, using the computer program Clustal W1.7
Thompson et al., 1994). The nucleotide sequence align-
ents were generated from the amino acid sequence
lignments by using the computer program TransAlign
Weiller, 1999). The phylogenetic analyses of the multiple
equence alignments were carried out by using pro-
rams in the computer software package PAUP*, version
.0 beta 4a (Swofford, 2000). Amino acid sequence iden-
ities were calculated by using the pairwise distance
lgorithm. The MP analyses were carried out on the
ucleotide sequence alignments, using the first two po-
itions of each codon. The NJ analyses were carried out
n the amino acid sequence alignments, using the
amma distribution model with the shape parameter a 5
. Bootstrap support for the results of each NJ analysis
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166 MINIREVIEWwas based on 500 pseudoreplicate data sets generated
from the original multiple sequence alignment.
Bootscanning and the recombination detection program
(Martin and Rybicki, 2000) were used to analyze the N
and GPC amino acid sequence alignments for evidence
of genetic recombination. Bootscanning initially pro-
duces a phylogenetic tree from a window (subset) of
sequence data at one end of a multiple sequence align-
ment. The window is then incrementally shifted along the
alignment and a phylogenetic analysis is carried out on
each new window of the sequence alignment. In the
present study, NJ analysis was carried out on each data
set, the sliding sequence window was 100 amino acids
in length and overlapped the preceding window by 50
amino acids, and bootstrap support for the results of
each analysis was based on 500 pseudoreplicate data
sets generated from the original 100-aa sequence win-
dow. The recombination detection program utilizes a
pairwise scanning approach combined with a UPGMA-
based reconstruction algorithm. The probability that the
nucleotide arrangement in a recombinant region may
have occurred by chance was tested by using a binomial
distribution adapted from Rice (1995).
ACKNOWLEDGMENTS
Darren P. Martin (University of Cape Town, South Africa) kindly
provided guidance in the use of the recombination detection program.
Ester Surriga (Protein Chemistry Laboratory, University of Texas Med-
ical Branch, Galveston, TX) performed the automated sequence anal-
yses of the PCR products. National Institutes of Health Grant AI-41435,
entitled “Ecology of Emerging Arenaviruses in the Southwestern United
States,” provided financial support for this study. The French Foreign
Affairs Ministry (Bourse Lavoisier), Servier Laboratories (Institut de
Recherches Internationales Servier, Courbevoie, France), Philippe
Foundation (New York, NY), and Association de la Recherche Medicale
(A.DE.REM, Marseille, France) provided salary support for R. N. Charrel.
REFERENCES
Auperin, D. D., Galinski, M., and Bishop, D. H. L. (1984). The sequence
of the N protein gene and intergenic region of the S RNA of Pichinde
arenavirus. Virology 134, 208–219.
Bowen, M. D., Peters, C. J., and Nichol, S. T. (1996). Oliveros virus: A
novel arenavirus from Argentina. Virology 217, 362–366.
Bowen, M. D., Peters, C. J., and Nichol, S. T. (1997). Phylogenetic
analysis of the Arenaviridae: Patterns of virus evolution and evidence
for cospeciation between arenaviruses and their rodent hosts. Mol.
Phylogenet. Evol. 8, 301–316.
Charrel, R. N., de Lamballerie, X., de Micco, P., and Fulhorst, C. F. (2001).
Nucleotide sequence of the Pirital virus (family Arenaviridae) small
genomic segment. Biochem. Biophys. Res. Commun., 280, 1402–
1407.
hilds, J. E., and Peters, C. J. (1993). Ecology and epidemiology ofarenaviruses and their hosts. In “The Arenaviridae” (M. S. Salvato,
Ed.), pp. 331–384, Plenum, New York.
ngel, S. R., Hogan, K. M., Taylor, J. F., and Davis, S. K. (1998). Molecular
systematics and paleogeography of the South American sigmodon-
tine rodents. Mol. Biol. Evol. 15, 35–49.
ranze-Fernandez, M. T., Zetina, C., Iapalucci, S., Lucero, M. A., Bouis-
sou, C., Lopez, R., et al. (1987). Molecular structure and early events
in the replication of Tacaribe arenavirus S RNA. Virus Res. 7, 309–
324.
ulhorst, C. F., Bowen, M. D., Ksiazek, T. G., Rollin, P. E., Nichol, S. T.,
Kosoy, M. Y., and Peters, C. J. (1996). Isolation and characterization of
Whitewater Arroyo virus, a novel North American arenavirus. Virology
224, 114–120.
ulhorst, C. F., Bowen, M. D., Salas, R. A., Duno, G., Utrera, A., Ksiazek,
T. G., de Manzione, N. M., de Miller, E., Vasquez, C., Peters, C. J., and
Tesh, R. B. (1999). Natural rodent host associations of Guanarito and
Pirital viruses (family Arenaviridae) in central Venezuela. Am. J. Trop.
Med. Hyg. 61, 325–330.
ulhorst, C. F., Charrel, R. N., Weaver, S. C., Ksiazek, T. G., Bradley, R. D.,
Milazzo, M. L., Tesh, R. B., and Bowen, M. D. (2001). Geographical
distribution and genetic diversity of Whitewater Arroyo virus (family
Arenaviridae) in the southwestern United States. Emerg. Inf. Dis., in
press.
hiringelli, P. D., Riviera-Pomar, R. V., Lozano, M. E., Grau, O., and
Romanowski, V. (1991). Molecular organization of Junin virus S RNA:
Complete nucleotide sequence, relationship with other members of
the Arenaviridae and unusual secondary structures. J. Gen. Virol. 72,
2129–2141.
onzalez, J. P., Sanchez, A., and Rico-Hesse, R. (1995). Molecular
phylogeny of Guanarito virus, an emerging arenavirus affecting hu-
mans. Am. J. Trop. Med. Hyg. 53, 1–6.
onzalez, J. P., Bowen, M. D., Nichol, S. T., and Rico-Hesse, R. (1996).
Genetic characterization and phylogeny of Sabia´ virus, an emergent
pathogen in Brazil. Virology 221, 318–324.
artin, D. P., and Rybicki, E. P. (2000). RDP: Detection of recombination
amongst aligned sequences. Bioinformatics 16, 562–563.
ice, J. A. (1995). In “Mathematical Statistics and Data Analysis,” pp.
36–38, Duxbury Press, Belmont.
outhern, P. J. (1996). Arenaviridae: The viruses and their replication. In
“Fields Virology” (B. N. Fields, D. M. Knipe, P. M. Howley, R. M.
Chanock, J. L. Melnick, T. P. Monath, B. Roizman, and S. E. Straus,
Eds.), 3rd ed., pp. 1505–1519, Lippincott–Raven, Philadelphia, PA.
wofford, D. L. (2000). PAUP* 4.0 beta 4a, Phylogenetic Analysis Using
Parsimony (* and Other Methods), Sinauer Associates, Sunderland,
MA.
hompson, J. D., Higgins, D. G., and Gibson, T. J. (1994). CLUSTAL W:
Improving the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties and
weight matrix choice. Nucleic Acids Res. 22, 4673–4680.
eaver, S. C., Salas, R. A., de Manzione, N., Fulhorst, C. F., Duno, G.,
Utrera, A., Mills, J. N., Ellis, B. A., Ksiazek, T. G., Tovar, D., and Tesh,
R. B. (2000). Guanarito virus (Arenaviridae) isolates from endemic
and outlying localities in Venezuela: Sequence comparisons among
and within strains recovered from Venezuelan hemorrhagic fever
patients and rodents. Virology 266, 189–195.
eiller, G. F. (1999). TransAlign, version 1.0, Research School of Bio-
logical Sciences, Canberra, Australia.
orobey, M., and Holmes, E. C. (1999). Evolutionary aspects of recom-
bination in RNA viruses. J. Gen. Virol. 80, 2535–2543.
